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1.0 INTRODUCTION 

1.1 General 
This report presents the results of PBS Engineering + Environmental’s (PBS’) geotechnical 
engineering evaluation for the two proposed Veterans Administration (VA) buildings on the 
VA Medical Center Campus located at 913 NW Garden Valley Boulevard in Roseburg, 
Oregon. A Vicinity Map is provided on Figure 1 of Appendix A. 

 
1.2 Project Understanding 
PBS understands that the proposed project will consist of the construction of four, 
approximately 20,000-square-foot, co-joined buildings. We understand that the buildings will 
be constructed in phases, over a period of time. Our study covers all buildings on the site as 
depicted on the Site Exploration Plan (Figure 2 of Appendix A) and can be used for design 
as each of the building phases become active. Parking areas, access roadways, and utilities 
will be part of the development. We are assuming maximum column and perimeter 
foundation loads for the structure will be on the order of 300 kips and 6 kips per linear foot, 
respectively. At this point in time, the scope of grading work is unknown; however, it is 
assumed that cuts and fills will be limited in depth/thickness to approximately ±10 feet. The 
purpose of PBS’ investigation was to evaluate subsurface conditions at specific locations 
within the site and provide geotechnical design criteria for building foundations. We also 
completed infiltration testing at two locations to provide stormwater system design input.  
 

2.0 SITE CONDITIONS 

2.1 Surface Description 
The proposed buildings will be constructed on the VA Medical Center Campus located at 
913 NW Garden Valley Boulevard in Roseburg, Oregon. The buildings will be constructed 
on the old municipal golf course to the north and east of the existing VA Police Station. The 
proposed construction site is bordered by Centennial Drive and the VA Police Station to the 
west, business property to the north, Interstate 5 to the east, and recreational park areas to 
the south. Access to the site is from NW Garden Valley Boulevard. The building site is 
essentially level at an elevation of approximately 472 feet above mean sea level (AMSL).  
 
2.2 Geologic Setting 
The subject property is located within the Tyee basin of Oregon. Eocene volcanic rocks of 
the Western Cascade Range are present in the vicinity of the site.  
 
The project site geology is mapped as Holocene aged fluvial deposits (Wells, 1998). The 
fluvial deposit unit (Qf) is described as unconsolidated to poorly consolidated river deposits 
of boulders, gravel, sand, and silt. Underlying bedrock at the site is early Eocene to late 
Paleocene aged Submarine basalt flows within the Roseburg member of the Siletz River 
Volcanics formation (map unit Tsr). The fluvial deposits and the basalt bedrock were both 
encountered during our exploration. 
 
2.3 Subsurface 

2.3.1 Field Explorations 
Seven (7) borings were drilled to depths between about 10 and 28 feet below the 
ground surface (bgs) at the approximate locations shown on the Site Exploration 
Plan (Figure 2, Appendix A). Borings B-1 through B-5 were drilled in the vicinity of 
the proposed new buildings; whereas Borings B-6 and B-7 were drilled in the parking 
areas for pavement design. Infiltration testing was performed in Borings B-2 and B-6 
for stormwater disposal. Western States Soil Conservation of Hubbard, Oregon, 
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advanced the borings using mud-rotary and hollow-stem auger drilling methods. The 
borings were completed March 21, 24, and 25, 2011.  
 
The subsurface materials encountered were logged and field classified in general 
accordance with the Manual-Visual Classification Method (ASTM D 2488). In the 
borings, in-situ standard penetration tests (SPT, ASTM D 1586) were performed at 
regular 2.5- to 5-foot intervals. Disturbed soil samples were collected using a split-
spoon sampler and packaged in moisture-tight bags. HQ rock coring was used in 
Boring B-1 to confirm bedrock. The borings were backfilled with bentonite chips. The 
soil samples were reexamined in the laboratory to supplement field classifications. 
Interpreted boring logs are presented in Appendix B.  
 
2.3.2 Subsurface Conditions 
General subsurface conditions encountered in the borings consist of alluvium 
overlying basalt bedrock. Fill was observed in Boring B-4 which was located on an 
elevated hill constructed for the golf course. A 3-inch grass layer was observed at the 
surface of all the borings. Topsoil was observed in all of the borings except Boring  
B-4. The topsoil was underlain by alluvium. Borings B-6 and B-7 were terminated in 
the alluvium. Basalt bedrock was encountered below the alluvium. Borings B-1 
through B-5 were terminated in the bedrock. A summary of the encountered units is 
described below. 
 

  TOPSOIL:  Topsoil consisting of soft to very stiff, brown to dark brown, 
 sandy clay with some gravel, moist to wet, medium to high 

plasticity. Observed to depths ranging from 1.5 to 5.0 feet bgs. 
 

FILL: Fill consisting of medium stiff, brown, sandy clay, with trace 
gravel; moist. Observed in Boring B-4 to 9.0 feet bgs. 

 
  FLUVIAL  Alluvium consisting of medium dense to very  

DEPOSITS: dense, clayey sand to gravelly sand, damp to wet. Sands are 
typically angular and gravels are sub-angular to rounded.     

 
SILETZ RIVER Basalt bedrock. Drill cuttings were gray, angular,  
VOLCANICS: basalt sand and gravel. Bedrock was encountered between 

the elevations of 460 and 454 feet AMSL.  
 

2.3.3 Groundwater 
Perched groundwater was encountered in the topsoil of the borings. The dense 
underlying alluvium acts as a confining layer. PBS correlated the groundwater level 
at the site to match up with the top of bedrock. Ground surface elevations at the 
borings were estimated to the nearest foot from Google Earth (2011). Using these 
ground elevations, the corresponding bedrock elevations ranged between 
approximately 454 and 460 feet AMSL. Moisture contents from the selected test 
samples ranged from 8.9 to 29.3 percent. 

 
2.4 Infiltration Testing 
At each test location, an 8-inch-diameter borehole was drilled to the test depth. Then a 6-
inch-diameter casing was pushed 6 inches into the soil surface and followed by the 
placement of 2.5 inches of crushed rock at the bottom. Water was introduced into the pipes. 
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The water in Boring B-6 was allowed to soak for 14 hours. The test was terminated after 
measuring a drop in the water level of only 0.8 inches over the 14-hour soak period. The 
water introduced in Boring B-2 moved 0.0 inches over the first 45 minutes; so, the test was 
terminated. In addition to the two infiltration tests, Boring B-3 was flushed with clean water 
upon completion and allowed to sit open for over 26 hours. The water level in Boring B-3 
showed no movement in the 26-hour period. 

 
The results of our field infiltration testing are presented in Table 2.4 below: 

 
Table 2.4: Infiltration Test Results 

Location 
Test Depth 

(Feet) 
Infiltration Rate 
(inches/hour) 

B-2 8.0 0 

B-6 4.0 0 

 
 

The densely consolidated soil conditions and the amount of fines in the soil accounted for no 
movement of water infiltration during our testing. 
 
2.5 Laboratory Testing 
Laboratory tests included natural moisture contents on selected samples. Results are 
included on the boring logs presented in Appendix B. Moisture contents on selected 
samples range from 8.9 to 29.3 percent. In addition to water contents, three Atterberg Limits 
tests were performed on selected samples. A California Baring Ratio (CBR) test was 
performed on the topsoil to assist in the pavement design. Results of the Atterberg Limits 
and CBR testing are presented in Appendix D. 

 
3.0 PERTINENT GEOTECHNICAL DESIGN RECOMMENDATIONS 

3.1 Discussion 
PBS drilled seven (7) borings at various locations across the site. Sandy clay alluvium was 
found to depths ranging from 1.5 to 9 feet bgs. The underlying native soil consists of 
medium dense to dense gravelly sand. Bedrock was encountered at approximately 15 to 26 
feet bgs. The water table at the time of the investigation is interpreted to match the top of 
bedrock at elevations between approximately 454 and 460 feet AMSL.  
 
Based on preliminary discussions with the project team, PBS understands that the buildings 
will be approximately 20,000 square feet each. We are assuming maximum column and 
perimeter foundation loads for the structure will be on the order of 300 kips and 6 kip per 
linear foot, respectively. Based on our investigation and experience with similar soils, it is 
our opinion that the proposed structures could be supported on conventional spread footings 
after the sandy clay material is over-excavated or appropriately treated. 

 
3.2 Spread Footing Design 
As stated above, foundation can be supported on the native medium-dense to dense 
gravelly sand, compacted structural fill, or on cement-treated sandy clay with a 6-inch-thick 
leveling course of selected granular backfill or structural fill. Any loose or soft areas should 
be compacted to an unyielding condition or removed and replaced with select granular 
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backfill. Where excavation is required for leveling or replacing unsuitable material, the width 
of the excavation should extend at least one (1) foot beyond the edge of the foundation. The 
selected granular backfill material should meet the specifications provided in Section E3.2 
(Appendix E). 

 
Continuous wall and isolated spread foundation should be at least 18 and 24 inches wide, 
respectively. Foundation bearing on rock pad constructed of select granular backfill material 
or on structural fill should be sized for an allowable bearing capacity of 2,000 pounds per 
square foot (psf). This is a net bearing pressure. The weight of the foundation and overlying 
backfill can be disregarded in calculating foundation sizes. The recommended allowable 
bearing pressure applies to the total of dead plus long-term-live loads; this bearing pressure 
may be doubled for short-term loads such as those resulting from wind or seismic forces.  
 
Based on our analysis, total post-construction settlements were calculated to be less than 
one (1) inch, with post-construction differential settlement of less than 0.5 inch over a 50-
foot span for maximum column and perimeter foundation loads of less than 300 kips and 6 
kips per linear foot.  
 
A geotechnical engineer (or their representative from PBS) should confirm suitable bearing 
conditions and evaluate foundation subgrades. Observations should also confirm that loose 
or soft material, organics, unsuitable fill, and old topsoil zones were removed. Localized 
deepening of excavations may be required to penetrate deleterious materials prior to  
placing fill.  
 
If construction occurs during wet weather, we recommend that a thin layer of compacted, 
crushed rock is placed over the foundation subgrades to help protect them from disturbance 
due to the elements and foot traffic. 
 
The foundation should be founded below an imaginary line projecting at a 1 horizontal to 1 
vertical (1H:1V) slope from the base of any adjacent, parallel, utility trenches. The 
foundation must be embedded so that there is a minimum of 10 feet of horizontal distance 
between the base of the foundation and any adjacent slope. 
 
3.3 Floor Slabs 
The entire site is covered with approximately 4 feet of soft to stiff sandy clay or silt, underlain 
by medium-dense to dense gravelly sand. After the soft material within and extending 5 feet 
beyond the edge of the building footprint is either stabilized or removed and replaced with 
structural fill, the soils are adequate to provide slab support with a modulus of subgrade 
reaction, k, of approximately 200 pounds per cubic inch (pci). A 6-inch-thick layer of 
aggregate base rock should be placed and compacted over the prepared subgrade. 
Aggregate base rock recommendations are provided in Section E3.9 (Appendix E). 
 
3.4 Seismic Design Criteria 
PBS understands that the seismic design criteria for this project is based on the 2009 
International Building Code (IBC, 2009; Section 1613). PBS completed a site-specific 
seismic analysis in accordance with the American Society of Civil Engineers (ASCE) 
Minimum Design Loads for Buildings and Other Structures, 7-05, Chapter 21, as presented 
in Appendix C of this report. As discussed in Appendix C, the IBC 2009 spectra can be 
used. The seismic design parameters from the IBC 2009 were found to be very similar but 
slightly less conservative to those derived from the February 2011 Department of Veterans 
Affairs H-18-8 Seismic Design Requirements, Table 3 – Spectral Response Accelerations at 
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VA Facilities. The values listed in Table 3.4-1 are in accordance with the values required by 
the H-18-8 Seismic Design Requirements. 
 

Table 3.4-1: VA H-18-8 Seismic Design Requirements (2011) Seismic Design Parameters 

 Short Period 1 Second 

Maximum Credible Earthquake Spectral Acceleration Ss = 0.830 g S1 = 0.422 g 

Site Class C 

Site Coefficient Fa = 1.068 Fv = 1.38 

Adjusted Spectral Acceleration SMS = 0.89 g SM1 = 0.58 g 

Design Spectral Response Acceleration Parameters SDS = 0.59 g SD1 = 0.39 g 

Design Spectral Peak Ground Acceleration 0.24 g 

 
 
The seismic design accelerations for the liquefaction hazard analysis are based on the 2008 
USGS National Seismic Hazard maps for the Pacific Northwest region. Table 3.4-2 below 
provides these accelerations. 

 

Table 3.4-2: Liquefaction Analysis Design Accelerations 

 500-Year event (g) 1,000-Year Event (g) 

PGA 0.18 g 0.20 g 

0.2 Second Spectral Acceleration 0.16 g 0.19 g 

1.0 Second Spectral Acceleration 0.17 g 0.21 g 

 
 
3.4.1 Liquefaction Hazard Analysis 
PBS completed a liquefaction analysis based on the subsurface soils encountered in 
our explorations. We conducted a liquefaction analysis for the project site based on 
the information obtained from our borings and using the procedure suggested by 
NCEER (2001), as well as a fine-grained liquefaction analysis based on critical state 
soil mechanics. The design groundwater level was conservatively placed at the 
surface due to the presence of wet soils.  
 
To find the individual sources contributing the most to the seismic hazard of the site, 
a deaggregation for the total seismic hazard was performed using the USGS’ 2008 
Interactive Deaggregation for the 500- and 1,000-year events. The mean of all 
sources contributing more than 5 percent to the hazard for each event were 
evaluated. The magnitude (M) and distance (R) pairs obtained from the 
deaggregation analysis were used along with appropriate attenuation relationships to 
calculate the peak ground acceleration for liquefaction analysis. The design 
earthquake is a moment magnitude 8.76 with peak ground acceleration (PGA) of 
0.21 g (acceleration due to gravity).  
 
Our analysis indicates a low liquefaction potential in the coarse-grained native 
materials. This is primarily due to the medium dense to dense nature of the gravelly 
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sands and the dense to very dense nature of the deeper gravel. The surficial sandy 
clay layer, however, shows a relatively high potential for liquefaction. Therefore, 
liquefaction is considered a hazard at this site. The hazard could be mitigated by 
removing this sandy clay material and replacing it with structural fill or cement-
treating it before construction. 

 
3.5 Retaining Structures 
Our retaining wall design recommendations are based on the following assumptions: (1) the 
walls consist of conventional, cantilevered, retaining walls; (2) the walls are 10 feet or fewer 
in height; (3) the backfill is drained; and (4) the backfill has a slope flatter than 4H:1V. An 
evaluation of our recommendations will be required if the retaining wall design criteria for the 
project varies from these assumptions. 
 
Unrestrained site walls retaining native soils or structural fill should be designed to resist 
active equivalent earth pressures of 34 pounds per cubic foot (pcf), where supporting slopes 
are flatter than 4H:1V. If retaining walls are restrained from rotation prior to being backfilled, 
the active earth pressure shall be increased to 52 pcf. For embedded building walls, a 
superimposed seismic lateral force should be calculated based on a dynamic force of 6.5H2 
pounds per lineal foot of wall, where H is the height of the wall in feet and applied at 0.6H 
from the base of the wall. If other surcharges (e.g., slopes steeper than 4H:1V, foundations, 
etc.) are located within a horizontal distance from the back of a wall equal to twice the height 
of the wall, then additional pressures will need to be accounted for in the wall design. A 
traffic surcharge equivalent to 250 pcf should be used for design of walls where driveways 
and parking areas are present. Our office should be contacted for appropriate wall 
surcharges based upon actual magnitude and configuration of the applied loads. 
 
These design parameters have been provided assuming back-of-wall drains will be installed 
to prevent buildup of hydrostatic pressures behind all walls. If a drainage system is not 
installed, our office should be contacted for revised design forces. 
 
A minimum 12-inch-wide zone of granular drain backfill material extending from the base of 
the wall to within 6 inches of finished grade should be placed against the back of all 
retaining walls. Perforated collector pipes should be embedded at the base of the granular 
drain backfill material. Granular drain backfill material specifications are provided in Section 
E3.8 (Appendix E). The perforated collector pipes should discharge at an appropriate 
location away from the base of the wall. The discharge pipe(s) should not be tied directly 
into stormwater drain systems unless measures are taken to prevent backflow into the wall’s 
drainage system. Retaining wall backfill specifications are presented in Sections E3.7 and 
E3.8 (Appendix E). 
 
The allowable bearing capacity for the native medium dense to dense gravelly sand is 
approximately 2,000 psf for retaining walls. For foundation in contact with structural fill, 
select granular materials, or compacted gravels, use a coefficient of friction equal to 0.35 
when calculating resistance to sliding. 
 
Settlements of up to one (1) percent of the wall height commonly occur immediately 
adjacent to the wall, as the wall rotates and develops active lateral earth pressures. 
Consequently, PBS recommends that construction of flat work adjacent to retaining walls be 
postponed at least four weeks after backfilling of the wall, unless survey data indicates that 
settlement is complete prior to that time. 
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3.6 Pavement Design 
The areas of the site for proposed pavement are covered with soft to stiff sandy clayey silt 
and sandy silty clay, which is underlain at approximately 4 feet bgs by medium-dense to 
dense sand. After the soft material is either stabilized using cement treatment or removed 
and replaced with structural fill, these native soils are adequate to provide pavement 
support. The subgrade should be prepared in accordance with Section 4.1 – Site 
Preparation of this report. Old asphalt, topsoil, grass, and other loose material should be 
removed and replaced with compacted structural fill wherever necessary. The required layer 
of aggregate base rock should be placed and compacted over the prepared subgrade. 
Aggregate base rock recommendations are provided in Section E3.10 (Appendix E). 
 
Our pavement design recommendations are based on the following assumptions: 
 

 A resilient modulus of 7,200 per square inch (psi) was assumed for the medium stiff 
silt and clay 

 
 A resilient modulus of 20,000 psi was assumed for the aggregate base rock  

 
 Initial and terminal serviceability index of 4.2 and 2.5, respectively 

 
 Reliability and standard deviation of 85 percent and 0.45, respectively 

 
 Structural coefficient of 0.42 and 0.10 for the asphalt and aggregate base rock, 

respectively 
 

 Equivalent Single-Axle Loads (ESALs) values as follows are assumed applicable to 
the pavements at the site: 

 
 Parking Lots – 10,000 ESALs 
 Driveways – 50,000 ESALs 

 
 

Table 3.6: Minimum Pavement Sections 

Traffic Loading 
(ESALs) 

AC 
(inches) 

Base Rock 
(inches) 

10,000 3.0 4.0 

50,000 4.0 8.0 

 
 
The thicknesses shown in Table 3.6 are intended to be minimum acceptable values.  
 
The asphalt cement (AC) binder should be PG 64-22 Performance Grade Asphalt Cement in 
accordance with ODOT SS 00745.11 – Asphalt Cement, Additives, and Aggregate 
Treatments (ODOT SS, 2008). The AC should consist of Level 3, ½-inch dense, hot-mix 
asphalt. The minimum and maximum lift thicknesses should be 2.0 and 3.0 inches, 
respectively. The AC should be compacted to a minimum of 92 percent of Rice Density of 
the mix, as determined in accordance with ASTM D 2041.  
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The pavement subgrade should be prepared as discussed earlier in this section and Section 
4.1 – Site Preparation of this report. 
 
Construction traffic should be limited to non-building, unpaved portions of the project site or 
haul roads. Construction traffic should not be allowed on new pavements. If construction 
traffic is to be allowed on newly constructed road sections, an allowance for this additional 
traffic will need to be made in the design pavement section.  

 
4.0 PERTINENT CONSTRUCTION RECOMMENDATIONS 

4.1 Site Preparation 
The site should be stripped of any organic material before any improvements take place. 
Trees and shrubs should be removed from all fill areas. In addition, root balls should be 
grubbed out to the depth of the roots which could exceed 3 feet bgs. Depending on the 
methods used to remove the root balls, considerable disturbance and loosening of the 
subgrade could occur during site grubbing. PBS recommends that soil disturbed during 
grubbing operations be removed to expose firm, undisturbed subgrade. The resulting 
excavations should be backfilled with structural fill.   
  
Demolition should include removal of existing improvements throughout the buildings, 
pavements, and other improvement areas (including any remnant foundation elements). 
Underground utility lines, vaults, basement walls, or tanks should also be removed or 
grouted full if left in place. The voids resulting from removal of foundation, buried tanks, and 
etc., or loose soil in utility lines should be backfilled with compacted structural fill. The base 
of these excavations should be excavated to firm subgrade before filling, with sides sloped 
at a minimum of 1H:1V to allow for uniform compaction. 

 
Materials generated during demolition of existing improvements should be transported off-
site or stockpiled in areas designated by the Owner. Asphalt, concrete, gravel fill, and base 
rock materials may be crushed and recycled for use as general fill. Such recycled materials 
should meet the criteria described in Section E3.11 (Appendix E). 

 
4.1.1 Subgrade Preparation – Native Soils 
As discussed above, the structural fill is adequate to provide floor slab or pavement 
support. Soft or loose areas should be compacted to an unyielding condition or be 
excavated and replaced with structural fill. For building foundations, a 6-inch leveling 
course of select granular material should be placed above the prepared subgrade.  

 
4.1.2 Proofrolling 
Following stripping and prior to placing structural fill, pavement, or building 
improvements, the exposed subgrade should be evaluated by proofrolling. The 
subgrade should be proofrolled with a fully loaded dump truck or similar heavy, 
rubber-tire, construction equipment to identify soft, loose, or unsuitable areas. A 
member of PBS’ geotechnical staff should observe the proofrolling. Soft or loose 
zones identified during the field evaluation should be compacted to an unyielding 
condition or be excavated and replaced with structural fill.  

 
4.1.3 Wet-Weather/Wet-Soil Conditions 
Trafficability on the near-surface soils may be difficult during or after extended wet 
periods or when the moisture content of the surface soil is more than a few 
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percentage points above optimum. Soils that have been disturbed during site-
preparation activities, or soft or loose zones identified during probing or proofrolling, 
should be removed and replaced with stabilization material (Section E3.5,  
Appendix E).  
 
Track-mounted excavating equipment may be required during wet weather. The 
thickness of the haul roads and staging areas will depend on the amount and type of 
construction traffic. The material used for haul roads should be stabilization material 
(Section E3.5, Appendix E). A 12- to 18-inch-thick mat of stabilization material is 
sufficient for light staging areas. The stabilization material for haul roads and areas 
with repeated heavy construction traffic typically needs to be increased to between 
18 to 24 inches. The actual thickness of haul roads and staging areas should be 
based on the Contractor’s approach to site development, the amount and type of 
construction traffic, and is the Contractor’s responsibility. The stabilization material 
should be placed in one lift over the prepared, undisturbed subgrade and compacted 
using a smooth-drum, non-vibratory roller. Additionally, a geotextile fabric should be 
placed as a barrier between the subgrade and stabilization material. The geotextile 
should meet ODOT SS 02320.10 – Geosynthetics, Acceptance, for soil separation. 
The geotextile should be installed in conformance with ODOT SS 00350.40 – 
Geosynthetic Construction, General Requirements. 
 
4.1.4 Structural Fills 
Recommendations for materials suitable for the construction of structural fills are 
provided in Appendix E, Section E3.0. PBS recommends that all organic material be 
stripped off and the structural fill started on the top of stripped subgrade. Please note 
that—depending on time of construction, groundwater table, and moisture content of 
the existing subgrade material—a geotextile may be required above the stripped 
subgrade. In addition, if the subgrade shows pumping during proofroll, measures as 
recommended in Section 4.1.3 of this report may be need to be implemented before 
structural fill construction starts.  
 

4.2 Excavation  
Subsurface conditions at the project site show predominately gravelly sand to the depths 
explored. Excavations in these soils may be readily accomplished with conventional 
earthwork equipment.  

 
The native gravelly sand includes rounded aggregate. Sloughing may be a problem in cuts. 
Trench cuts should stand vertical to a depth of approximately one (1) foot, provided no 
groundwater seepage is present in the trench walls. Open excavation may be used to 
excavate trenches with depths between 1 and 8 feet, with the walls of the excavation cut at 
a slope of 1H:1V, provided groundwater seepage is not present and with the understanding 
that some sloughing may occur. The trenches should be flattened to 1.5H:1V if excessive 
sloughing occurs or seepage is present. Please note that these conditions may only be valid 
during the dry months of the year.  
 
Use of temporary shoring is recommended for cuts extending below groundwater seepage 
or if vertical walls are desired for cuts deeper than one (1) foot. Please note that perched 
groundwater was observed in the topsoil in most of the explorations at the time of 
exploration. If shoring or dewatering is used, we recommend that the type and design of the 
shoring and dewatering systems be the responsibility of the Contractor, who is in the best 
position to choose systems which fit the overall plan of operation. These excavations should 
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be made in accordance with applicable Occupational Safety and Health Administration and 
State regulations.  
 

5.0 CONSTRUCTION OBSERVATIONS 

Satisfactory pavement and earthwork performance depends on the quality of construction. 
Sufficient observation of the Contractor's activities is a key part of determining that the work is 
completed in accordance with the construction drawings and specifications. We recommend that a 
geotechnical engineer from PBS be retained to observe general excavation, stripping, structural fill 
placement, foundation subgrades, temporary shoring, and subgrades and aggregate base rock for 
floor slabs and pavements. A representative from PBS should confirm suitable bearing conditions 
and evaluate foundation subgrades prior to placement of any structural fill for the new structure. 
 
Subsurface conditions observed during construction should be compared with those encountered 
during the subsurface explorations. This is important since variable material is present throughout 
the site. Recognition of changed conditions requires experience. Therefore, qualified personnel 
should visit the site with sufficient frequency to detect whether subsurface conditions change 
significantly from those anticipated. 
 
6.0 LIMITATIONS 

This report has been prepared for the exclusive use of the addressee for aiding in the design and 
construction of the proposed development. It is the addressee's responsibility to provide this report 
to the appropriate design professionals, building officials, and contractors to ensure correct 
implementation of the recommendations. 
 
The opinions, comments, and conclusions presented in this report were based upon information 
derived from our literature review, field investigation, and laboratory testing. Conditions between or 
beyond our exploratory borings may vary from those encountered. Unanticipated soil conditions and 
seasonal soil moisture variations are commonly encountered and cannot be fully determined by 
merely taking soil samples or soil borings. Such variations may result in changes to our 
recommendations and may require that additional expenditures be made to attain a properly 
constructed project. Therefore, some contingency fund is recommended to accommodate such 
potential extra costs.  
 
If there is a substantial lapse of time (changes in Building Code or more than three years from the 
date of this report) between the submission of this report and the start of work at the site, if 
conditions have changed due to natural causes or construction operations at or adjacent to the site, 
or if the basic project scheme is significantly modified from that assumed, it is recommended that 
this report be reviewed to determine the applicability of the conclusions and recommendations. 
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7.0 RESTRICTIONS 

This report is for the exclusive use of the Client for design of the development, as described in our 
proposal for this particular project, and is not to be relied upon by other parties. It is not to be 
photographed, photocopied, or similarly reproduced, in total or in part, without the expressed written 
consent of the Client and PBS. 
 
PBS appreciates the opportunity to provide our geotechnical services on this important project. 
Please contact us with any questions regarding this investigation. 
 
Sincerely, 
 
PBS Engineering + Environmental 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
Diana Worthen, EIT Rick Thrall, PE, GE  
Staff Engineer Principal Geotechnical Engineer 
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Geotechnical Testing/Acronym Explanations

PP Pocket Penetrometer SIEV Sieve Gradation
SC Sand Cone DD Dry Density
DCP Dynamic Cone Penetrometer ATT Atterberg Limits
SP Static Penetrometer CBR California Bearing Ratio
TOR Torvane OC Organic Content
CON Consolidation RES Resilient Modulus
DS Direct Shear VS Vane Shear
P200 Percent Passing U.S. Standard No. 200 Sieve HCL Hydrochloric Acid
UC Unconfined Compressive Strength kPa kiloPascal
PL Plasticity Limit GPS Global Positioning System
PI Plasticity Index bgs Below ground surface
LL Liquid Limit MSL Mean Sea Level
HYD Hydrometer Gradation

Environmental Testing/Acronym Explanations

bgs Below ground surface ATD At Time of Drilling
CA Sample Submitted for Chemical Analysis NS No Sheen
PID Photoionization Detector Headspace Analysis SS Slight Sheen
PPM Parts Per Million MS Moderate Sheen
ND Not Detected HS High Sheen

1Note: Details of soil and rock classification systems are available on request. Rev. 04/29/09
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472.0
0.0

471.7
0.3

468.0
4.0

460.0
12.0

446.0
26.0

Perched groundwater from 0
to 4.0 feet bgs

LL = 38%
PL = 21%
PI = 17%

Driller's comment: denser
drilling at 4.0 feet bgs

Driller's comment: denser
drilling at 12.0 feet bgs

No recovery of sample at 25.0
feet bgs; switch to rock coring

GRASS
Stiff, brown, sandy CLAY with some
gravel; wet, medium plasticity (TOPSOIL)

Dense, brown, clayey SAND with some
gravel; moist to wet (FLUVIAL
DEPOSITS)

becomes very dense, gravelly SAND with
trace silt and clay; moist to wet

Very dense, gray, gravel; basalt bedrock
(SILETZ RIVER VOLCANICS)

Final depth 26.0 feet bgs; boring
backfilled with bentonite chips

ATT
LL
PL
PI

Approximate Elevation: 472 feet (Google Earth)
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475.0
0.0

474.7
0.3

470.0
5.0

456.0
19.0

455.4
19.6

Perched groundwater from 0
to 5.0 feet bgs

Infiltration Test at 8.0 feet
bgs: 0.0 inches/hour
Switched to mud rotary drilling
at 8 feet bgs

Driller's comment: denser
drilling at 19.0 feet bgs

GRASS
Very stiff, brown, sandy silty CLAY with
trace gravel; wet, medium plasticity
(TOPSOIL)

Medium dense, brown, clayey SAND with
some gravel; moist to wet (FLUVIAL
DEPOSITS)

becomes silty SAND with some gravel

becomes dense, gravelly SAND with
some silt

Very dense, gray, GRAVEL; basalt
bedrock (SILETZ RIVER VOLCANICS)
Final depth 19.6 feet bgs; boring
backfilled with bentonite chips

Approximate Elevation: 475 feet (Google Earth)
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473.7
0.3

472.5
1.5

458.5
15.5

457.5
16.5

Perched groundwater from 0
to 1.5 feet bgs

Driller's comment: start to feel
gravel at 1.5 feet bgs

GRASS
Medium stiff, brown, sandy CLAY with
some gravel; wet, medium plasticity
(TOPSOIL)
Medium dense, brown, gravelly SAND
with some silt; moist to wet (FLUVIAL
DEPOSITS)

becomes dense

Very dense, gray, GRAVEL; basalt
bedrock (SILETZ RIVER VOLCANICS)
Final depth 16.5 feet bgs; boring
backfilled with bentonite chips

Approximate Elevation: 474 feet (Google Earth)
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472.0
9.0

454.8
26.2

452.9
28.1

Driller's comment: feel gravel
at 9.0 feet bgs

GRASS
Medium stiff, brown, sandy CLAY with
trace gravel; moist (FILL)

Dense, brown, gravelly SAND with some
silt and clay; moist (FLUVIAL DEPOSITS)

becomes gravelly SAND

Very dense, gray, GRAVEL; basalt
bedrock (SILETZ RIVER VOLCANICS)

Final depth 28.1 feet bgs; boring
backfilled with bentonite chips

Approximate Elevation: 481 feet (Google Earth)
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474.0
0.0

473.7
0.3

472.5
1.5

459.5
14.5

454.9
19.1

Perched groundwater from 0
to 1.5 feet bgs

Driller's comment: gravel at
1.5 feet bgs

Driller's comment: smoother
drilling but still dense at 14.5
feet bgs

GRASS
Medium stiff, brown, sandy CLAY with
some gravel; wet, medium plasticity
(TOPSOIL)
Medium dense, brown, gravelly SAND
with some clay; wet (FLUVIAL
DEPOSITS)

becomes gravelly SAND with some silt;
moist to wet

becomes dense

Very dense, gray , GRAVEL; basalt
bedrock (SILETZ RIVER VOLCANICS)

Final depth 19.1 feet bgs; boring
backfilled with bentonite chips

Approximate Elevation: 474 feet (Google Earth)
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473.0
0.0

472.7
0.3

469.5
3.5

463.0
10.0

LL = 41%
PL = 24%
PI = 18%

Perched groundwater from 0
to 3.5 feet bgs

GRASS
Soft, dark brown, sandy clayey SILT; wet
(TOPSOIL)

Medium dense, brown, clayey SAND;
moist (FLUVIAL DEPOSITS)

becomes SAND with some silt and trace
clay; damp

becomes SAND with some gravel and silt;
wet
becomes dense, gravelly SAND with
some silt; moist

Final depth 10.0 feet bgs; boring
backfilled with bentonite chips

ATT
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PI
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APPENDIX C – SITE-SPECIFIC SEISMIC HAZARD ANALYSIS 
 
 
C1.0 INTRODUCTION 

This appendix presents the results of PBS Engineering + Environmental’s (PBS’) site-specific 
seismic hazard analysis for the proposed buildings at the Roseburg Veterans Administration in 
Roseburg, Oregon. The site location, relative to surrounding physical features, is shown on the 
Vicinity Map (Figure 1, Appendix A). This facility qualifies as an “Essential Facility” in accordance 
with the 2009 International Building Code, Sections 1602.1 and 1604.5, and Table 1604.5, as well 
as with the 2010 Oregon Structural Specialty Code (OSSC), Chapter 18. Therefore, as required by 
the Department of Veterans Affairs H-18-8 Seismic Design Requirements, a site-specific seismic 
hazard analysis was conducted in general accordance with American Society of Civil Engineers’ 
(ASCE) Minimum Design Loads for Buildings and Other Structures (07-05), Chapter 21 (ASCE, 
2006) and OSSC Section 1803.7. 

 
C2.0 SITE CONDITIONS 

C2.1 Geologic Setting 
The project site is located within the Coquille River basin within the Coast Ranges Geologic 
Province of Oregon. As presented in Section 2.2 – Geologic Setting of this report, the site is 
underlain by river sediments that overly basalt bedrock. 
 
C2.2 Subsurface Conditions 
PBS drilled seven (7) borings at the approximate locations shown on the Site Exploration 
Plan (Figure 2, Appendix A). The soils encountered in the upper 1.5 to 9 feet bgs are sandy 
clay alluvium. Soils encountered below the sandy clay dominantly consist of medium dense 
to dense, sandy gravel deposits to the depth of bedrock (up to 26 feet bgs). We correlate 
these deposits to river alluvium unit. Details of our field explorations and subsurface 
conditions are provided in Section 2.3 – Subsurface of this report. 
 
The interpreted geologic profile, shown in Table C-1 below, is based on our explorations and 
review of subsurface information summarized. 
 

Table C-1: Estimated Geologic Profile 

Profile Depth 
(feet) 

Geologic Unit 
Shear Wave Velocity 

(feet per second) 

0 to 2 Medium stiff to stiff, sandy clay  < 600 

2 to 17 Medium dense to dense, sandy gravel 1,200 to 2,500 

>17 Bedrock > 2,500 

 
 

C2.3 Groundwater Conditions 
Perched groundwater was encountered in the topsoil of the borings. The dense 
underlying alluvium acts as a confining layer. PBS correlated the groundwater level 
at the site to match up with the top of bedrock. Ground surface elevations at the 
borings were estimated to the nearest foot from Google Earth (2011). Using these 
ground elevations, the corresponding bedrock elevations ranged between 
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approximately 454 and 460 feet. We have assumed a groundwater elevation of at 
the surface for this analysis. 

  
C3.0 SEISMICITY 

C3.1 Historic Seismicity 
Information on the historical record of Oregon earthquakes dates back to approximately 
1841. Prior to 1900, approximately 30 earthquakes had been recorded. Several hundred 
earthquakes have been recorded in the state since 1900, especially since the 1980s when 
the University of Washington established a recording station. Catalogues of earthquake 
events are available from Berg and Baker (1963) and Johnson et al. (1994). Wong et al. 
(2000) also provided a summary of Oregon earthquakes.  

 
Oregon is a region of low to medium historical seismicity. Clusters of earthquakes are 
recorded in the Klamath Falls region (Mw = 6.0), northeast Oregon (Mw = 5.0 Umatilla, Mw = 
6.5 Milton Freewater), and the Portland-Northern Willamette Valley (Mw = 5.6 Mt. Angel). 
Compared to other areas of the Pacific Northwest, the city of Roseburg is not known as an 
area of active earthquakes. Figure C-1 shows historic earthquakes in the Roseburg region.  

 
C3.2 Seismic Sources 
There are several types of seismic sources in the Pacific Northwest that are related to the 
presence of the Cascadia Subduction Zone (CSZ; Wong & Silva, 2006). The volcanic 
sources beneath the Cascade Range are not considered further in this study; as volcanic 
earthquakes rarely exceed about Mw = 5 in size and, thus, pose no significant ground-
shaking hazard except in their immediate vicinity. 
 

C3.2.1 Cascadia Subduction Zone – Interface Earthquakes 
The CSZ megathrust represents the boundary between the subducting Juan de Fuca 
and the overriding North American plates. The CSZ interface earthquake occurs at a 
recurrence interval of approximately 400 years. Geologic evidence suggests that the 
most recent earthquake occurred in January 1700, probably ruptured much of the 
length of CSZ, and was estimated at Mw = 7.0 to 9.0. The OSSC recommends use of 
an Mw = 8.5 which likely corresponds to a 10 percent chance of being exceeded in 
50 years. A magnitude Mw = 9.0 event likely corresponds to a 2 percent chance of 
being exceed in 50 years. This study considers an Mw = 9.0 earthquake. 
 
The distance from the edge of the CSZ megathrust to Roseburg is approximately 
140 kilometers with an uncertainty of ±50 kilometers (km; Wong & Silva, 2000). We 
have used a conservative distance of 90 km with a depth of 30 km and a magnitude 
Mw = 9 for our analysis. The peak bedrock acceleration using Youngs et al.’s (1988) 

attenuation relationship is calculated to be 0.21 g. 
 

 
C3.2.2 Intraslab Earthquakes 
A number of researchers have noted the complete absence of intraslab seismicity in 
Western Oregon (Ludwin et al., 1991; Rogers et al., 1996). With the possible 
exception of 1873 Richter Magnitude 6.75 Crescent City Earthquake, no moderate to 
large intraslab earthquakes have occurred in the CSZ from south of Puget Sound to 
Cape Mendocino. These earthquakes are postulated to have a deep focus of 40 to 
80 km in the subducted Juan de Fuca Plate, and theoretical magnitudes of up to 7.8. 
The peak bedrock acceleration using Youngs et al.’s (1988) attenuation relationship 
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is calculated to be 0.08 to 0.10 acceleration due to gravity (g) and is lower than from 
either CSZ interface or crustal earthquakes. PBS has considered a peak ground 
acceleration of 0.09 for our analysis. 
 
C3.2.3 Crustal Earthquakes and Faults 
Due to their proximity, the crustal faults are possibly the most significant seismic 
sources in the Roseburg region. There are at least five fault zones around Roseburg, 
a minimum of 28 kilometers from the site. Still, recorded seismicity due to crustal 
sources in the site vicinity is relatively limited, with only a few recorded earthquakes 
exceeding magnitude MW = 5 in the region. Most crustal earthquake activity is 
occurring at depths of 30 km or less. The fault zones within this vicinity are listed in 
Table C3.2.3 below and are shown on Figure C-2. 
 

Table C3.2.3: Faults within the Site Vicinity 

Fault Zone Name 
Proximity to Site 

(Surface Projection in km) 

Unnamed faults near Sutherlin 28 

Klamath Graben Fault System 75 

Unnamed faults north of Diamond Lake 78 

Upper Willamette River Fault Zone 88 

Unnamed Siuslaw River anticline 105 

 
 
The three most important faults in the site vicinity include the unnamed faults near 
Sutherlin, the Klamath Graben Fault System, and the unnamed faults north of 
Diamond Lake. The nearest mapped fault zone is the unnamed faults near Sutherlin 
(Figure C-2). It is located approximately 28 km northwest of the site. The fault is not 
listed as active (Personius, 2002). The Klamath Graben Fault System is located 
approximately 75 km east of the site. The fault is not listed as active (Personius, 
2002). The unnamed faults north of Diamond Lake are located approximately 78 km 
east of the site. The fault is not listed as active (Personius, 2002). 

 
These faults may be capable of generating a MW = 6.5 or larger earthquake. A recent 
earthquake was recorded as Mw = 6 in Klamath Falls, Oregon on September 21, 
1993. For the purpose of this analysis, we have used a MW = 7.0 on the unnamed 
faults near Sutherlin at a depth of 10 km. The peak bedrock acceleration using a 
weighted average of the Pacific Earthquake Engineering Research Center (PEER) 
Next Generation Attenuation (NGA) relationships is calculated as 0.16 g for this 
scenario (PEER, 2008).  
 
NEIC Earthquake search from 1973 to present shows one event within 100 km of the 
site. The first event recorded was February 26, 2009, 89 kilometers from the site (in 
Curry County). This event had a magnitude of Mw = 4. A search with a 200 km radius 
shows 258 earthquakes recorded, most of which occurred offshore (Cascadia fold 
and thrust belt) and in a concentration near Klamath Falls, Oregon with a distance 
greater than 120 km from the proposed site. The majority of these events were of a 
magnitude less than Mw = 5. 
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C3.3 Earthquake Shaking Estimates 
PBS has reviewed estimates of earthquake shaking in the area of the site from potential 
fault sources for an earthquake source from the nearby unnamed faults near Sutherlin and 
the CSZ. PGAs are estimated by the USGS – National Seismic Hazard Maps (USGS, 2008), 
PEER – NGA (2008) crustal earthquake attenuation relationships, and Youngs, et al.’s 
(1988) subduction zone attenuation relationship. These estimates are provided in Table 
C3.3 below. 
 

Table C3.3: Probabilistic Estimates of Earthquake Shaking 

USGS – National Seismic Hazard Maps 

Recurrence 
10% probable exceedence in 50 years 2% probable exceedence in 50 years 

500-year event 2,500-year event 

PGA 0.11 g 0.42 g 

PEER – NGA (2008) Crustal Fault at 10 km Depth 

Moment Magnitude PGA 

Mw=6.5 0.13 g 

Mw=7.0 0.16 g 

Youngs, et al. (1988) Cascadia Subduction Zone 

Return Period PGA 

500 years 0.18 g 

1,000 years 0.21 g 

 
C3.4 Input Earthquakes for Site Response Analysis 
The design earthquake models used in our analysis and peak horizontal ground 
acceleration (PHGA) on rock at the recording stations prior to modification in our model are 
provided below. 

 
Table C3.4: Input Earthquake Parameters 

 
PHGA 

Measured (g) 
PHGA at Site Using 

Attenuation Relationships (g) 
PHGA Used (g) 
(this analysis) 

Crustal Earthquake Models 

El Centro 0.32 0.16 0.16 

Taft 0.19 0.16 0.16 

Topanga/Northridge 0.33 0.16 0.16 

Intraslab Earthquake Models 

Puget Sound 1965 0.19 0.09 0.09 

Western Washington 49 0.16 0.09 0.09 

CSZ Interface Models 

Michoacan 0.16 0.21 0.21 

Petrolia/Cape Mendocino 0.42 0.21 0.21 
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C4.0 SEISMIC HAZARDS 

Based on our subsurface exploration, literature review, analysis, and experience, a summary of the 
seismic hazards at the site are as follows: 
 
 Earthquake-Induced Landslides – The proposed improvement areas have flat slopes. Due to flat 

slopes, we do not consider earthquake-induced landslides to be a significant hazard at this site. 
 
 Liquefaction/Settlement – Liquefaction analysis for the project site was conducted based on the 

information obtained from our borings and using the procedure suggested by NCEER (2001) as 
well as a fine-grained liquefaction analysis based on critical state soil mechanics. The design 
earthquake is a moment magnitude 8.76 with a PGA of 0.21 g. Our analysis indicates a low 
liquefaction potential in the native coarse-grained materials. This is primarily due to the medium 
dense to very dense nature of the gravelly sand and gravel. However, liquefaction is predicted 
in the surficial sandy clays.   

 
 Fault Surface Rupture – The nearest mapped fault zone is the unnamed faults near Sutherlin 

(Figure C-2 following). It is located approximately 28 km northwest of the site (Personius, 2002). 
The fault is not listed as active or potentially active. No recent seismic activity has been 
observed on this fault. Therefore, fault rupture at the project site is not a seismic hazard. 

 
 Tsunami Inundation/Seiche/Subsidence – The site is inland and elevated away from tsunami 

inundation and subsidence zones. Accordingly, tsunami events do not represent a seismic 
hazard to the site. Additionally, the site is not near major bodies of water, therefore there is no 
risk of a seiche event. 

 
 Amplification – Analysis of average site response spectra with PROSHAKE (refer to Figures C-3 

through C-5, following, for response spectra plots) with 5 percent damping and multiple crustal, 
intraslab, and CSZ interface models were completed. The soil profile and input earthquake 
parameters discussed earlier were used. The analysis indicates the site-specific spectra are 
generally bounded by the IBC 2009 Spectra for a Site Class C for 2 percent in a 50-year event. 
We, therefore, recommend the IBC 2009 Spectra be used for project design.  
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APPENDIX D 
Laboratory Test Results
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APPENDIX E – GENERAL CONSTRUCTION INFORMATION 
 
 
E1.0 INTRODUCTION 

Appendix E outlines PBS Engineering + Environmental’s specific recommendations for use in the 
project construction process. This section includes our guidelines for preparing the site, stipulations 
for structural fill, procedures for sloped conditions, and drainage considerations. 
 
E2.0 SITE PREPARATION 

Site preparation will include removal of existing buildings not intended as part of future 
development. Underground utility lines, vaults, basement walls, or tanks associated with these 
existing buildings should be removed or grouted full if left in place. The voids resulting from removal 
of footings, buried tanks, etc., or loose soil in utility lines, should be backfilled with compacted 
structural fill. The base of these excavations should be excavated to firm subgrade before filling with 
sides sloped at a minimum of 1H:1V to allow for uniform compaction. 
 
Materials generated during demolition of existing improvements should be transported off-site or 
stockpiled in areas designated by the owner. Asphalt, concrete, and base rock materials may be 
crushed and recycled for use as general fill. Such recycled materials should meet the criteria 
described Section E3.0 – Structural Fill of this appendix. 
 

E2.1 Stripping and Grubbing 
Trees and shrubs should be removed from all pavement and improvement areas. In 
addition, root balls should be grubbed out to the depth of the roots, which could exceed 3 
feet bgs. Depending on the methods used to remove the root balls, considerable 
disturbance and loosening of the subgrade could occur during site grubbing. We 
recommend that soil disturbed during grubbing operations be removed to expose firm 
undisturbed subgrade. The resulting excavations should be backfilled with structural fill. 
Stripped material should be transported off-site for disposal or used in landscaped areas. 
 
E2.2 Proofrolling 
Following stripping and prior to placing fill, pavement, or building improvements, the 
exposed subgrade should be evaluated by proofrolling. The subgrade should be proofrolled 
with a fully-loaded dump truck or similar heavy rubber-tire construction equipment to identify 
soft, loose, or unsuitable areas. A member of our geotechnical staff should observe the 
proofrolling. Soft or loose zones identified during the field evaluation should be compacted 
to an unyielding condition or be excavated and replaced with structural fill, as discussed in 
Section E3.0 – Structural Fill of this appendix. 
 
E2.3 Wet-Weather Conditions 
Trafficability on the near-surface soils may be difficult during or after extended wet periods 
or when the moisture content of the surface soil is more than a few percentage points above 
optimum. Soils that have been disturbed during site-preparation activities, or soft or loose 
zones identified during probing or proofrolling, should be removed and replaced with 
compacted structural fill. 
 
Track-mounted excavating equipment may be required during wet weather. The thickness of 
the granular material for haul roads and staging areas will depend on the amount and type 
of construction traffic. A 12- to 18-inch-thick mat of imported granular material is sufficient for 
light staging areas. The granular mat for haul roads and areas with repeated heavy 
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construction traffic typically needs to be increased to between 18 to 24 inches. The actual 
thickness of haul roads and staging areas should be based on the contractor’s approach to 
site development and the amount and type of construction traffic. The imported granular 
material should be placed in one lift over the prepared, undisturbed subgrade and 
compacted using a smooth-drum, non-vibratory roller. Additionally, a geotextile fabric should 
be placed as a barrier between the subgrade and imported granular material in areas of 
repeated construction traffic. The geotextile should meet ODOT SS 02320.10 – 
Geosynthetics, Acceptance, for soil separation. The geotextile should be installed in 
conformance with ODOT SS 00350.40 – Geosynthetic Construction, General Requirements. 
 
As an alternative to placing thick rock sections to support construction traffic, the subgrade 
can be stabilized using cement amendment. The depth of treatment and percentage of 
cement required depends on the site conditions at the time of construction. Additional 
recommendations will be provided during construction, if this approach is used. 
 

E3.0 STRUCTURAL FILL 

Fills should be placed over subgrade that has been prepared in conformance with the “Site 
Preparation” and “Wet-Weather/Wet-Soil Considerations” sections of this report. A wide range of 
material may be used as structural fill; however, all material used should be free of organic matter 
or other unsuitable materials and should meet the specifications provided in the 2008 Oregon 
Standard Specifications for Construction, Oregon Department of Transportation (ODOT, SS 2008) 
depending on the application. A brief characterization of some of the acceptable materials and our 
recommendations for their use as structural fill is provided below. 

 
E3.1  Borrow Material 
Borrow material for general structural fill construction should meet the requirements set forth 
in ODOT SS 00330.12 – Borrow Material. The native gravelly sand may be used as 
structural fill if processed properly, but due to the rounded nature of the larger particles it 
may be difficult to compact properly. In order to adequately compact the native soils, 
moisture conditioning of the soil to within ±2 percent of the optimum moisture content will be 
required. When used as structural fill, native soils should be placed in lifts with a maximum 
uncompacted thickness of 6 to 8 inches and compacted to not less than 92 percent of the 
maximum dry density, as determined by ASTM D 1557. If suitable common borrow material 
is not available, use of selected general backfill as specified in ODOT SS 00330.13 – 
Selected General Backfill should be considered.  

 
E3.2 Selected Granular Backfill 
Selected granular backfill used for construction of general structural fill should contain no 
deleterious materials, have a maximum particle size of 1.5 inches, and meet ODOT SS 
00330.14 – Selected Granular Backfill.  
 
Selected granular backfill should be placed in lifts with a maximum uncompacted thickness 
of 8 to 12 inches and be compacted to not less than 95 percent of the maximum dry density 
as determined by ASTM D 1557.  
 
Stabilization material can also be used for the construction of general structural fill. We 
recommend, however, that the larger-size material (<6 inches) should be placed in the 
deeper portions of the fill and should not be used within 2 feet of the building slab or wall 
footing subgrade. For pavement subgrade, the larger-size material (<6 inches) can be used 
to construct structural fill up to the pavement subgrade level. Considerations should also be 
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given to the future excavation of utilities through this material since it is relatively difficult to 
excavate through larger-size material. 
  
E3.3 Imported Granular Material 
Imported granular material used during periods of wet weather or for haul roads, building 
pad subgrades, staging areas, etc., should be pit or quarry run rock, crushed rock, or 
crushed gravel and sand and should meet the specifications provided in ODOT SS 
00330.12 – Borrow Material and ODOT SS 00330.13 – Selected General Backfill. However, 
the imported granular material should also be fairly well graded between coarse and fine 
material and have less than 5 percent by weight passing the U.S. Standard No. 200 Sieve. 
 
Imported granular material should be placed in lifts with a maximum uncompacted thickness 
of 8 to 12 inches and be compacted to not less than 95 percent of the maximum dry density, 
as determined by ASTM D 1557. During the wet season or when wet subgrade conditions 
exist, the initial lift should be approximately 18 inches in uncompacted thickness and should 
be compacted by rolling with a smooth-drum roller without using vibratory action. 
 
Where imported granular material is placed over soft-soil subgrades, we recommend a 
geotextile be placed as a barrier between the subgrade and imported granular material. 
Depending on site conditions, the geotextile should meet ODOT SS 02320.10 – 
Geosynthetics, Acceptance, for soil separation or stabilization. The geotextile should be 
installed in conformance with ODOT SS 00350.40 – Geosynthetic Construction, General 
Requirements. 
 
E3.4 Trench Backfill 
Trench backfill placed beneath, adjacent to, and for at least 2 feet above utility lines (i.e., the 
pipe zone) should consist of well-graded granular material with a maximum particle size of 
1.5 inches and less than 10 percent by weight passing the U.S. Standard No. 200 Sieve, 
and should meet the standards prescribed by ODOT SS 00405.12 – Pipe Zone Bedding. 
The pipe zone backfill should be compacted to at least 90 percent of the maximum dry 
density, as determined by ASTM D 1557, or as required by the pipe manufacturer or local 
building department. 
 
Within roadway alignments or beneath building pads, the remainder of the trench backfill 
should consist of well-graded granular material with a maximum particle size of 2.5 inches, 
less than 10 percent by weight passing the U.S. Standard No. 200 Sieve, and should meet 
standards prescribed by ODOT SS 00405.14 – Trench Backfill, Class A or B. This material 
should be compacted to at least 92 percent of the maximum dry density, as determined by 
ASTM D 1557, or as required by the pipe manufacturer or local building department. The 
upper 2 feet of the trench backfill should be compacted to at least 95 percent of the 
maximum dry density, as determined by ASTM D 1557. 
 
Outside of structural improvement areas (e.g., roadway alignments or building pads), trench 
backfill placed above the pipe zone may consist of general fill materials that are free of 
organics and materials over 6 inches in diameter and meet ODOT SS 00330.12 – Borrow 
Material and ODOT SS 00405.14 – Trench Backfill, Class C, D, or E. This general trench 
backfill should be compacted to at least 90 percent of the maximum dry density, as 
determined by ASTM D 1557, or as required by the pipe manufacturer or local building 
department. 
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E3.5 Stabilization Material 
Stabilization rock should consist of imported granular material that is well-graded, angular, 
crushed rock consisting of 4- or 6-inch-minus material with less than 2 percent passing the 
U.S. Standard No. 4 Sieve. The material should be free of organic matter and other 
deleterious material. 
 
E3.6 Soil Amendment with Cement 
As an alternative to the use of imported granular material for wet-weather structural fill, an 
experienced contractor may be able to amend the on-site soils with portland cement or with 
limekiln dust and cement to obtain suitable support properties. Successful use of 
amendments depends on the use of correct mixing techniques, soil moisture content, and 
amendment quantities. Specific recommendations for soil amending, based upon exposed 
site conditions, can be provided if necessary. 
 
Portland cement-amended soils are hard and have low permeability. Therefore, these soils 
do not drain well nor are suitable for planting. Future planted areas should not be cement 
amended, if practical, or accommodations should be planned for drainage and planting. 
 
E3.7 Retaining Wall Backfill 
Backfill material placed behind retaining walls and extending a horizontal distance of H, 
where H is the height of the retaining wall, should consist of selected granular material 
meeting ODOT SS 00510.12 – Granular Wall Backfill. We recommend the selected granular 
wall backfill be separated from general fill, native soil, and/or topsoil using a geotextile fabric 
which meets the requirements provided in ODOT SS 02320.10 – Geosynthetics, 
Acceptance. The geotextile should be installed in conformance with ODOT SS 00350.40 – 
Geosynthetic Construction, General Requirements. 
 
The wall backfill should be compacted to a minimum of 95 percent of the maximum dry 
density, as determined by ASTM D 1557. However, backfill located within a horizontal 
distance of 3 feet from the retaining walls should only be compacted to approximately 90 
percent of the maximum dry density, as determined by ASTM D 1557. Backfill placed within 
3 feet of the wall should be compacted in lifts less than 6 inches thick using hand-operated 
tamping equipment (such as a jumping jack or vibratory plate compactors). If flat work 
(sidewalks or pavements) will be placed atop the wall backfill, we recommend that the upper 
2 feet of material be compacted to 95 percent of the maximum dry density, as determined by 
ASTM D 1557. 

 
E3.8 Trench and Retaining Wall Drain Backfill 
Backfill in a 2-foot zone against the back of retaining walls and for subsurface trench drains 
should consist of granular drain rock meeting the specifications provided in ODOT SS 
00430.11 – Granular Drain Backfill Material. The granular drain rock should be wrapped in a 
geotextile fabric that meets the specifications provided in ODOT SS 02320.10 – 
Geosynthetics, Acceptance, for drainage geotextile. The geotextile should be installed in 
conformance with ODOT SS 00350.40 – Geosynthetic Construction, General Requirements. 
 
E3.9 Footing and Floor Slab Base 
Imported granular material placed at the base of retaining wall and building footings and 
floor slabs should be clean, crushed rock or crushed gravel, and sand that is fairly well-
graded between coarse and fine. The granular materials should contain no deleterious 
materials, have a maximum particle size of 1.5 inches, and meet ODOT SS 00330.14 – 
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Selected Granular Backfill. The imported granular material should be placed on one lift and 
compacted to not less than 95 percent of the maximum dry density, as determined by ASTM 
D 1557. 
 
E3.10 Pavement Base Aggregate 
Imported granular material used as base aggregate (base rock) along roadway alignments 
should be clean, crushed rock or crushed gravel, and sand that is fairly well-graded between 
coarse and fine. The base aggregate should meet the gradation defined in ODOT SS 
02630.10 – Dense-Graded Aggregate 1”-0”, depending upon application, with the exception 
that the aggregate has less than 5 percent passing a U.S. Standard No. 200 Sieve. The 
base aggregate should be compacted to not less than 95 percent of the maximum dry 
density, as determined by ASTM D 1557. 
 
E3.11 Recycled Concrete, Asphalt, and Base Rock 
Asphalt pavement, concrete, and base rock from the existing site improvements can be 
used in general structural fills, provided no particles greater than 6 inches are present. It 
also must be thoroughly mixed with soil, sand, or gravel such that there are no voids 
between the fragments. The recycled materials should meet the requirements set forth in 
ODOT SS 00745.03 – Reclaimed Asphalt Pavement (RAP) Material. 
 

E4.0 PERMANENT SLOPES 

Permanent cut and fill slopes up to 10 feet tall may be built to a gradient as steep as 2H:1V. 
However, cut slopes over 10 feet tall should be limited to a gradient of 2.5H:1V or should be 
partially retained by a retaining wall. Slopes that will be maintained by mowing should not be 
constructed steeper than 3H:1V. Newly constructed fill slopes should be over-built by at least 12 
inches and then trimmed back to the required slope to maintain a firm face. 
 
Access roads and pavements should be located at least 5 feet from the top of cut and fill slopes. 
The setback should be increased to 10 feet for buildings, unless special foundation considerations 
are implemented. Slopes should be planted with appropriate vegetation to provide protection 
against erosion as soon as possible after grading. Surface water runoff should be collected and 
directed away from slopes to prevent water from running down the face of the slope. 
 
E5.0 DRAINAGE CONSIDERATIONS 

E5.1 Surface and Subsurface Drainage Requirements 
The Contractor shall be made responsible for temporary drainage of surface water and 
groundwater, as necessary, to prevent standing water and/or erosion at the working surface. 
PBS recommends removing only the foliage necessary for construction to help minimize 
erosion.  
 
The ground surface around the structures should be sloped to create a minimum gradient of 
2 percent away from the building foundations for a distance of at least 5 feet. Surface water 
should be directed away from all buildings into drainage swales or into a storm drainage 
system. “Trapped” planting areas should not be created next to any building without 
providing means for drainage. The roof downspouts should discharge onto splash blocks or 
paving that directs water away from the building, or into smooth-walled underground drain 
lines that carry the water to appropriate discharge locations at least 10 feet away from any 
buildings.  
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E5.2 Foundation Drains 
PBS recommends foundation drains around the perimeter foundations of all structures 
unless they are designed for hydrostatic pressures. The foundation drains should be at least 
12 inches below the base of the slab. The foundation drain should consist of perforated 
collector pipes embedded in a minimum 2-foot-wide zone of granular drain rock. The 
granular drain rock should meet specifications provided in Section D3.8 of this report. The 
granular drain rock should be wrapped in a geotextile fabric. The geotextile fabric should 
meet requirements provided in ODOT SS 02320.20 – Geotextile Property Values for 
drainage geotextile. The collector pipes should discharge at an appropriate location away 
from the base of the foundation. The discharge pipe should not be tied directly into the 
stormwater drain system, unless measures are taken to prevent backflow into the wall’s 
drainage system.  

 
 
TABLE E-1:  OREGON STANDARD SPECIFICATIONS FOR CONSTRUCTION (ODOT SS) 
 
The Contractor should refer to the following ODOT SS with regard to backfill materials and 
geosynthetics. Local or municipal standards may also apply. The Contractor should check with the 
jurisdictional permitting office to determine applicability of local or municipal standards. 
 
 
ODOT SS 00330.00 – Earthwork  
ODOT SS 00330.12 – Borrow Material 
ODOT SS 00330.13 – Selected General Backfill 
ODOT SS 00330.14 – Selected Granular Backfill 
ODOT SS 00350.40 – Geosynthetic Construction, General Requirements 
ODOT SS 00405.12 – Pipe Zone Bedding 
ODOT SS 00405.13 – Pipe Zone Material 
ODOT SS 00405.14 – Trench Backfill 
ODOT SS 00430.11 – Granular Drain Backfill Material 
ODOT SS 00510.12 – Granular Wall Backfill 
ODOT SS 00745.03 – Reclaimed Asphalt Pavement (RAP) Material 
ODOT SS 00745.11 – Asphalt Cement, Additives, and Aggregate Treatment 
ODOT SS 00745.13 – Job Mix Formula (JMF) Requirements 
ODOT SS 02320.10 – Geosynthetics, Acceptance 
ODOT SS 02320.20 – Geotextile Property Values 
ODOT SS 02630.10 – Dense-Graded Aggregate 
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 Life More Secure. 
 

The Door Switch Specification 
 

Section 08 71 00 - Part 2 Products 
 

A. The Door Switch: 
a. General: 

i. Provide an over-the-door pressure switch that activates an alarm 
when patients try to use the door as an anchor point. 

ii. The Door Switch is a patented device that is monitored by a 
hardwired system and available for new and retrofit construction. 

iii. The Door Switch is designed for patient room main and bathroom 
doorways with butt hinges or center hung pivot installed wood or 
hollow metal doors.   

iv. All Door Switch system electronics are UL listed.  
v. The Door Switch is approved and listed in the Design Guide for 

the Built Environment of Behavioral Health Facilities: Edition 4.3 
by David M. Sine, ARM, CSP, CPHRM, and James M. Hunt, AIA, 
NCARB.   

b.  
c. Description: 

i. Adjustable low profile door switch of stainless steel construction 
and finish located at the top of the door, fastened to the door face; 
size unit to door width. 

ii. Header assembly of aluminum construction and finish with hinge 
protection cap and reduced catch point edges, fastened to the 
frame header face; size unit to door width. 

iii. Switch activation at 1 lb nominal.  
iv. Door switch hardware shall be monitored by electronic system.  
v. Incorporated Door Switch full surface continuous Roton hinge with 

removable power transfer hinge section; size unit to door height. 
(Door Switch electrified pivot also available for center hung doors.) 

vi. Provide Door Switch Control Panel to monitor activation, tampering, 
and faulty wires.   

vii. Expandable system that can monitor up to 768 doorways. 
viii. Door Switch panel keeps an electronic date/time log of the last 512 

system events which can be used to document system inspections 
and response times of personnel to alarm conditions.    

https://www.naphs.org/Teleconference/safetystandards#WhitePaper
https://www.naphs.org/Teleconference/safetystandards#WhitePaper
https://www.naphs.org/Teleconference/safetystandards#WhitePaper


ix. Provide one Door Switch keyswitch installed outside each 
monitored patient room for a location acknowledgement by 
personnel of alarm condition.   

x. A deluxe keypad is used as a remote enunciator to monitor the 
status and control the system with specific activation codes. 

xi. Provide one strobe light fastened above each monitored patient 
room door in corridor as quick visual locator of alarm condition. 

xii. Provide one audible horn for each unit of patient room doors; used 
to notify personnel of an alarm condition. 

xiii. Provide all electronic components. 
xiv. Door Switch System remains operational for a minimum of 4 hours 

under battery backup power during a power outage.   
d. Mounting:  

i. Mount the Door Switch components only with tamper resistant 
fasteners. 

ii. Use only the Door Switch manufacturer approved fastening 
methods.  

e. Acceptable products: 
i. The Door Switch; St. Louis, MO: (877) 998-5625 – 

www.thedoorswitch.com 
 

http://www.thedoorswitch.com/

















































